반복적인 전침 처치의 척수 교세포 활성 억제를 통한 신경병증성 통증 억제 효과
Introduction
Currently, most of the estimates suggest that neuropathic pain may affect about 3% of the population [1] [2] [3] . In addition pharmacological treatments for the neuropathic pain generally use some combination of drugs such as opioids, nonsteroidal anti-inflammatory drugs(NSAIDs)/analgesics. But various drugs provide 30∼50% reduction in pain in approximately 50% of patients. Unfortunately there is a diversity of side effects associated with drugs. The treatment of neu-Repetitive Electroacupuncture Alleviate Neuropathic Pain KOREAN JOURNAL OF ACUPUNCTURE ropathic pain need to efforts to develop additional therapeutic means [4] [5] [6] . Neuropathic pain is difficult to treat, partly due to our deficient understanding of its complex mechanisms 7) . It is characterized by spontaneous pain, hypersensitivity(a pain as a consequence of a stimulus which does not normally cause pain) and hyperalgesia(an elevated response to a normally painful stimulus). The mechanisms are complex and appear to cover both central and peripheral components of the nervous system 8) . Acupuncture analgesia for this pain condition has been studied about serious neuropathic pain 9) such as diabetic neuropathy in patients 10) and hyperalgesia in a neuropathic rat model 11) .
Acupuncture is a significant part of health care in Asian culture that can be traced back almost 3,000 years. Specially, electrical stimulation to specific acupuncture points help to recover patients to good health 12) . Recently, studies have expressed that EA alleviates the behavioral symptoms of hypersensitivity 13, 14) and hyperalgesia 5, 15, 16) associated with neuropathic pain. It is well known that the EA analgesia are affected by descending pain inhibitory systems 17, 18) , which mostly involve spinal opioid, serotonergic, adrenergic, dopaminergic, and cholinergic receptors [19] [20] [21] .
Microglia and astrocytes correlate with normal and abnormal processes of the central nervous system(CNS) [22] [23] [24] [25] . There are positive evidence that microglia and astrocytes of CNS involve in inducement and maintenance of neuropathic pain [26] [27] [28] [29] [30] [31] . Hence, suppression of activation of microglia and astrocytes is being watched with interests in these days. In the recent study, the repeated EA analgesia on mechanical and warm allodynia in a rat tail model of neuropathic pain which was investigated the clinical efficacy of EA as a longterm therapy, and also examined glial activation in the spinal cord to verify whether EA suppresses spinal glial activation 32) .
In the present study, we examined the effect of repetitive EA treatment on neuropathic pain in spinal nerve ligated model and the suppressive effect of repetitive EA treatment on the spinal glial activation in an early phase of neuropathic pain. 
Materials and Methods

Experimental animals
Experimental procedures
In order to assess the effects of EA on neuropathic pain, we selected similar clinical situation. The rats were randomly divided into three groups: the spinal nerve ligated control group, group of EA applied to the SP6 point(SP6 group), group of EA applied to both of ST36 and GB34 points(ST36+ GB34 group). After baseline measurement tests on day0, the animals received neuropathic surgery and were monitored on days 2 by neuropathic surgery. From day 5, EA was given every day followed by mechanical allodynia and thermal hyperalgesia test at 2 h later of EA termination. In each group, L5-6 spinal cord of the rats was removed to analyze with immunohistochemistry on days 5 and 13.
Neuropathic surgery(spinal nerve ligation, SNL)
Rats were anesthetized with isoflurane(3% induction, 2% maintenance) in a mixed N2O/O2, then the L5 spinal nerve was tightly ligated as described before (Kim and Chung, 1992 ).
Briefly, a midline skin incision was made on the back at the lower lumbar region, the paraspinal muscles were retracted, and the left transverse process of the L6 vertebra was 
Electroacupuncture(EA)
Under gaseous anesthesia(3% to induce and 1.5% to maintain in a mixed N2O/O2), EA was applied by stimulating acupuncture points with electrical current through a pair of bipolar stimulating electrodes, which were modified acu- EA was applied into three different points on ipsilateral side(left) of the hind limb, which was equivalent to specific human acupuncture points. The first point was the Sameumgyo point which was designated as the SP6 point by the World Health Organization(WHO) 33) . The SP6 point is located on the medial aspect of the leg, posterior to the medial border of the tibia, 3/13 the distance from the prominence of the medial malleolus to the depression of inferior to the medial epicondyle of the tibia. 34) The second point was the Joksamli point(ST36). The ST36 point is located at the anterior aspect of the leg, lateral to the tibial tubercle on the midway of anterior tibialis muscle 34) . The third point used was the Yangneungcheon point or the GB34 point by WHO nomenclature. The GB34 point is located on the fibular aspect of the leg, in the depression anterior and distal to the head of the fibula 34) . In the SP6 group, one set of two needles were inserted with a 1-mm separation between the tips. In the ST36+GB34 group, one needle was inserted for each ST36 and GB34 point. Therefore, two needles were inserted in both groups.
Behavioral tests
Mechanical allodynia was assessed using a Dynamic Plantar
Anesthesiometer(Ugo Basile, Italy) by measuring the latency to withdraw the hind paw from a graded force applied to the plantar surface of the paws using a Von Frey filament.
The cutoff force was set at 50 g. The effect of EA applied to ST36 and GB34 point (ST36+GB34) and applied to SP6 point(SP6) on mechanical allodynia(A) and on thermal hyperalgesia(B) is shown. Repetitive EA produce significantly increased mechanical and thermal threshold compared with control group(CON). Each group represents the mean of 7 rats, and the vertical lines indicate the SEM *p＜0.05(one way ANOVA followed by Dunnett's test).
Immunohistochemistry
The L5-6 segments of the spinal cords were fixed in 4% paraformaldehyde and immersed in 30% gradient sucrose for 
Data analysis
The data of results are presented as mean±SEM. Statistical significance of differences between groups was performed by one-way ANOVA followed by Dunnett's test using Systat Sigmaplot Version 12.2. p values(p＜0.05) were considered statistically significant.
Results
Repetitive EA reduced hypersensitivity
After SNL surgery, all of the rats were developed with hypersensitivity. Noticeably reduced group of mechanical hypersensitivity was ST36+GB34 group when compared SP6 and the control group(days 7∼13, n=7, *p＜0.05) (Fig. 1A ).
Significant reduction of hypersensitivity was found after 3 times of treatment. The mechanical hypersensitivity of SP6 group was reduced when compared to the control group after 7 times of treatment (Fig. 1A) . In the thermal hypersensitivity test, Repetitive EA treatment of ST36 and GB34 points also showed significant increase of withdrawal latency after 4 times of treatment(days 8∼13, n=7, *p＜0.05) (Fig. 1B) .
In the SP6 group, the hypersensitivity was reduced compared to the control group after 8 times of treatment (Fig. 1B). 
Repetitive EA suppressed activation of glial cells
After the last treatment on day 13, the immunohistochemistry was performed to determine whether EA inhibit the activation of glial cell. A total of 12 L4 to L5 spinal cord sections from 3 per group and 3 rats on 5 days from control group were obtained. Immunohistochemistry analysis of glial (Fig. 2A ). There were also statistically significant differences in the number of GFAP positive cells among the groups(CON 13d vs SP6 13d, p＜ 0.05, CON 13d vs ST36+GB34 13d, p＜0.05) (Fig. 3A) .
Discussion
Repetitive EA reduced hypersensitivity
In the present study, we chose two acupoint groups for EA. One is combination of ST36 and GB34. The other is SP6.
We intended to argue for the specificity of these acupoints for the treatment of hypersensitivity result from neuropathic pain. The SP6 was known to be less effective when used alone in the treatment of neuropathic pain model 35) . The
Repetitive Electroacupuncture Alleviate Neuropathic Pain KOREAN JOURNAL OF ACUPUNCTURE analgesic effect of EA treatment which was performed twice a day quite a long time was reported 32) . However, in the present study, we showed a relatively early effect of daily EA treatment. Although the current study showed an analgesic effect in the rat model of neuropathic pain, more studies are required to investigate the underlying mechanism of repetitive EA.
Repetitive EA inhibited microglial and astrocyte activation
Astrocytes play a role in the early stage of acute pain and maintenance of chronic pain. Microglia responses precede astrocytes activation and are involved in initiation of chronic pain 36, 37) . Astrocytes start to increase between 3 to 7 days after SNL 38) . We performed the EA on 5 days after SNL when microglia and astrocytes will be high level in L5/6 dorsal horn. In the immunohistochemistry analysis of L5/6 spinal cord dorsal horns, activation of microglia and astrocyte were decreased especially in the ST36＋GB34 group compared EA untreated group (Fig. 2A, Fig. 3A) . It is well known that microglia and astrocytes activation are increased in the spinal cord under pain conditions. In addition, microglia and astrocytes synthesize multiple inflammatory mediators, and may rev up each other [39] [40] [41] . Astrocytes are sited in extremely close contact with neurons, and are sensitive to change in neuronal environment. Microglial responses typically precede astrocyte activation 37) . Consequently, EA induced inhibition of mechanical and thermal hypersensitivity parallel glial activation.
The results are in agreement with previous study that suppression of microglia and astrocytes activation reduced mechanical and thermal allodynia 4, 32, 42, 43) .
Conclusion
In the present study, we showed that repetitive EA reduced hypersensitivity result from spinal nerve ligation; neuropathic pain model. Repetitive EA alleviated mechanical allodynia and thermal hyperalgesia and suppressed glial activation in a point specific manner.
